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Abstract: This paper aims to develop a MAGDM model using single-valued neutrosophic credibility 
matrix (SVNCM) energy ina SVNCM scenario. To do it, first, SVNCM energy and its score function 
are presented as a conceptual extension of existing single-valued neutrosophic matrix (SVNM) 
energy. Then, a MAGDM model is developed in terms of SVNCM energy and its score function in 
a SVNCM scenario and also its decision algorithm is provided to solve MAGDM problems with 
SVNCMs. Finally, the developed MAGDM model is applied in the school site selection problem as 
an actual example, then the comparative investigation of the decision results in the SVNM and 
SVNCM scenarios indicates the superiority of the developed model over existing MAGDM model. 
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1. Introduction 


Matrix energy (ME) is one of important mathematical tools in the representation and processing 
of collective data, it is usually used in group decision making (GDM) applications. Bravo et al. [1] 
introduced ME as a generalization of graph energy and provided the upper and lower bounds of ME. 
Donbosco et al. [2] introduced rough neutrosophic ME as a generalization of ME and established its 
MAGDM method for handling multiple attribute group decision making (MAGDM) problems with 
rough neutrosophic matrix information, and then applied it to the optimal choice of building sites. 
After that, Li and Ye [3] proposed intuitionistic fuzzy matrix (IFM) energy and its MAGDM model 
for the best selection of hospital sites in a complete IFM scenario. Yong et al. [4] further presented the 
linguistic neutrosophic ME and its MAGDM model to solve the MAGDM problems in the scenario 
of full linguistic neutrosophic matrices. Jeni Seles Martina and Deepa [5] gave the concepts of multi- 
valued neutrosophic ME and neutrosophic hesitant ME and used them for MAGDM problems. 
However, the aforementioned neutrosophic ME lacks the credibility measures of true, false, and 
uncertain membership values in inconsistent and uncertain scenarios so that it is difficult to guarantee 
its decision credibility level in uncertain and ambiguous MAGDM environments. 

In general, neutrosophic sets (NSs) [6] are not only the extended form of fuzzy sets (FSs) [7] and 
intuitionistic FSs [8], but also independently depict inconsistent, uncertain, and incomplete 
information though the true, false, and uncertain membership values, which FSs and intuitionistic 
FSs cannot do. Although existing fuzzy, intuitionistic fuzzy, and neutrosophic decision making 
methods and applications [9-20] have contained a lot of studies in existing literature, but they do not 
consider the credibility measures of various evaluation values in uncertain and ambiguous setting. 
To guarantee the credibility degrees of fuzzy values in uncertain and ambiguous environments, Ye 
et al. [21] first proposed fuzzy credibility values and their aggregation operators to perform the 
multiple attribute decision making (MADM) application in the selection of slope design schemes. 
Then, Ye et al. [22] further introduced intuitionistic fuzzy credibility sets and their similarity 
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measures and applied them to the performance assessment of industrial robots. Ye et al. [23] also 
proposed single-valued neutrosophic credibility sets/values (SVNCSs/SVNCVs) to ensure the 
credibility degrees of true, false and uncertain membership values, and then developed their 
trigonometric aggregation operators and their MADM application in the selection of slope design 
schemes, but the MADM model [23] cannot tackle MAGDM problems in the scenario of full single- 
valued neutrosophic credibility matrices (SVNCMs). In this case, the existing MADM model [23] 
implies its obvious insufficiency and research gap in full SVNCM setting. Therefore, it is necessary 
to develop a MAGDM model using the SVNCM energy and score function ina SVNCM scenario to 
fill the research gap. 

In general, this study mainly contains the following original contributions: 

e SVNCM energy is defined as a generalization of neutrosophic ME. 

e A score function for the SVNCM energy is presented to rank the SVNCM energy. 

e A MAGDM model using the SVNCM energy and score function is developed to solve 
MAGDM problems in the full SVNCM scenario. 

e The developed MAGDM model is applied in the actual example on the selection of primary 
school sites in Shaoxing, China. 

The rest of the paper includes the following content. Section 2 introduces some concepts of 
SVNCSs, SVNCVs, and single-valued neutrosophic matrix (GVNM) energy as the preliminaries of 
this study. Section 3 proposes SVNCM energy and the score function and ranking rules of SVNCM 
energy. In Section 4, we develop a MAGDM model based on the SVNCM energy and score function. 
A MAGDM example on the selection of primary school sites and a comparative investigation are 
provided in Section 5. Section 6 remarks conclusions and future work. 


2. Preliminaries 


2.1 Some Concepts of SVNCSs and SVNCVs 


Wang et al. [8] introduced the SVNS Ns = {<y, Vr(y), Vu(y), Ve(y)> | y € Y} in a universe set Y, 
where Vr(y), Vu(y), Ve(y) € [0, 1] for y € Y are the true, uncertain, and false membership values. Then, 
each element <y, Vr(y), Vu(y), Vr(y)> in Ns can be simply denoted by the single-valued neutrosophic 
value (SVNV) ns =<V1, Vu, Vr>. 

To measure the credibility level of SVNV, Ye et al. [23] proposed a SVNCS in Y, which is 
represented by 


Ne ={(y.(Ve(y),Cr(¥)),(Vo (¥)G (9) (Ve (9),Ce(y))) Lv ev t (1) 


where (V7(y), Cr(y)), (Vu(y), Cu(y)) and (Vr(y), Cr(y)) are the true, false and uncertain fuzzy credibility 
values, then their true, false and uncertain membership values and their corresponding credibility 
values are Vr(y), Vu(y), Vey) € [0, 1] and Cr(y), Cu(y), Cry) € [0,1], respectively, such that 0 < 
Vr(y) + Vu(y) + Ve(y) $3 and 0 < Cr(y) + Cu(y) + Cr(y) < 3 for y € Y. For ease of expression, any element 
<y, (Vr(y), Cr(y)), (Vu(y), Cu(y)), (Ve(y), Cr(y))> in Nc can be expressed as a simplified form of the 
SVNCV ne = <(Vz, Cr), (Vu, Cu), (Ve, Cr)>. 

It is worth noting that when one does not consider the credibility values in the SVNCV ne, nc 
becomes SVNV. Therefore, the credibility values contained in the SVNCV nc can guarantee the 
credibility degree of SVNV. 

For any two SVNCVs nai = <(Vn, Cr), (Vin, Cun), (Vit, Cri)> and ne = <(Vr2, C12), (Vu2z, Cuz), (Vr2, 


Cr2)>, their operation laws are presented as follows: 


(1) No = Noo 2 Vi SVp9 Cry S Cra 


Vv, 2V, 


U2? 


C2 SCVSV 


U2?" F F2°? 


CLEC 


F2? 
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(2) 


(3) 
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Ney Mien (Vii AV 53k Ce sal VY Vis Cre VG, 5 Nal Veni VV i9C., V Cz »)): 


(Me) =(VaG; 1 )(1- Vase, ie Var: )) (Complement of nc1); 


Vor t Vp —VeVoo2Cr + Co cy 
Vi ViistGaGis) iors: 


(Vey 
ai © C2 “(we 


VVassO. C8 il Vat Vig VV gO Cs on 
Vit Veo - Vira Cr + Cp - Cir) 
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a @ C2 ate 
(1- (2y,) 230) }, 
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= (Visi). (I-G-Yi)-(0-Gin)), eZ 0; 


(1=(1-V,,)° .1-(-C,) 


CN = 6 >0; 


2.1 Matrix Energy 


Set M(djr) for dit © R (all real numbers) (j,/ = 1, 2, ..., b) as a b x b matrix, which is represented as 


du diz +++ di 
Mage He Oe 
dn dor ++ dw 


Then, ME of M(dj!) is introduced below [1]: 


E(M (dj; 


y 


b 1 b 
= 20 Da) 
j=l j=l 


where 6 (j = 1, 2, ..., b) are the eigenvalues of M(dji). 


Set the SVNM M(nsj) (j, 1 = 1, 2, ..., b) as a b x b matrix [5]: 
Nsit Nsiz2 +t Nsiv 
Ns21 Ns22 st: Ns2o 
M (nsj) = : : : ae 
Nsbi Nsb2 ++ NSbb 


where nsji is the SVNV nsit = <Vri, Vujl, Vei> (j, 1 = 1, 2, «2, 


(2) 


(3) 


(4) 


(5) 


b) that consists of the true, uncertain, and 


false membership values V7, Vuji, Ve € [0, 1]. Then, the SVNM M(nsj1) can be divided into the true 
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matrix M(V7j), the uncertain matrix M(Vuj), and the false matrix M(V~1), which is also represented as 
the following SVNM form: 


M (ns) =(M (Vii),M (Vuj),M (Vin) 


Vru Vri2 ee) Vrw | | Vou Voi s+) Vow | | Wen Vri ++) Vew 
7 Vro Vro ++ Vro | | Vue Vu2 ++ Vuow || Vero Vero +++ Vero . (6) 
Vin Vrw2 ++) Vie | | Vuot = Vun2 +) Vu | | Vent 0 Von View 


In terms of the concepts of true, uncertain and false ME, the energy of the SVNM M(nsjx) is 


\, (7) 


where wri, uj, and yur; (j = 1, 2, ..., b) are the eigenvalues corresponding to the three matrices M(V7j1), 


introduced below [5]: 


E(M (nsi)) = (ELM (Vii )], ELM (Vis), ELM Vie) ]) = pa — peur |, D | ui — Haw |, D |e — ene 


M(Vuj), and M(VF) and ymr, “mu, and ur are the average values corresponding to the eigenvalues 


rj, Luj, and prj (j = 1, 2, ..., b). Then, there are the following equations [5]: 


(1) > (ey = bur) = YW nj = Harr) = 0; 
(2) > (Hy = Haw) = J) Vu — Haw) = 0; 


(3) 0 (ea — er) = >) (Vaj — eur) =0; 


j= j=l 
b b 
(4) YD (un — mr)” = YS Vii +2 > Vain — bur y 
j= j=l 1< j<l<b 
: 2 . 2; 2, 
(5) Diy — maw)? = Ven +2 DY Vou — bucw 
j= j=l I< j<l<b 


b 
(6) D(H — uur )° = Vai +2 » View ry — butine . 


j= j=l I< j<I<b 


The lower and upper bounds of the true, uncertain, and false MEs and the true, uncertain, and 
false credibility MEs are implied below [5]: 


s len = pr ||en — pr] +B(b-1)|M Vin) — pear < E[M (Vr )] 


<j<l<b 


2 
b 
len -ton —2 
j=l 1 
(1) 


IA 


I< j<I<b 


2 
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j=l 


Jun Ye, Rui Yong and Wanlu Du, MAGDM Model Using Single-Valued Neutrosophic Credibility Matrix Energy and Its 
Decision-Making Application 


Neutrosophic Systems with Applications, Vol. 17, 2024 a 
An International Journal on Informatics, Decision Science, Intelligent Systems Applications 


b 2Ib 
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2 
| Spr se 25 topline 
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2 
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I< jel<b 
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lA 


To compare SVNM energy magnitudes, the ranking values are given by aSVNME score function 
[5]: 


H{E|M (n5,) }=2E[M (Vin) J+ E[M (Vine) |- E[M (Vix) | (8) 


In view of the score values of Eq. (8), the ranking rules between E[M(nsz)] and E[M(nsu1)] are 


presented below: 


(a) If H{E[M(nsix)]} > H{E[M(ns2x)]}, then ELM(nsix)] > ELM(ns2x)]; 
(b) If H{E[M(nsj)]} < H{E[M(nsj2)]}, then E[M(nsj1)] < ELM(nsj2)]; 
(c) If H{E[M(nsj)]} = H{ELM(nsj)]}, then ELM(nsj1)] = ELM(nsj)]. 


3. SVNCM Energy 


This section presents the concepts of SVNCM and SVNCM energy based on the energy of the 
true, false, and uncertain fuzzy credibility matrices in the setting of SVNCMs. 
Definition 1. Set the SVNCM M(ncj) (j, 1 =1, 2, ..., b) as ab x b matrix: 


Noi Mci2 <t: Ncilb 
No21 Nc2 +: Nc2 

M(nci)=| : : ols (9) 
Ncbhi Ncb2 *** Necbb 


where nj is the SVNCV nai = <(V7I, Cr), (Vuil, Cuil), (Veit, Cri)> (j, l= 1, 2, ..., b) that consists of the true, 
uncertain, and false membership values Vr, Vu, Ve € [0, 1] and the true, uncertain, and false 
credibility values Cr, Cuj, Cr € [0, 1]. Then, the SVNCM M(nsj!) can be divided into the true matrix 
M(Vrj), the uncertain matrix M(Vuj), and the false matrix M(V-F) and the true credibility matrix 
M(Crj), the uncertain credibility matrix M(Cuj), and the false credibility matrix M(Cr), which is also 
represented as the following SVNCM form: 
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M (nc) = ((M (Vri),M (Cri) ,(M (Voir), M (Cu) ,(M (Vin), M (Crit))) 


[Ven Vrio -- Vero | [Cri Cro -- Cre 
Vra Vroo +++) Vrop | | Crat Cro +++) Crop 
[Vr Vro2 +++ Vrw» Cm Crm2 + Crp 
[Vou Vow «+ Vow | [Cun Cun + Cuw 
7 Von Vu2 «+ Vuw)| Cun Cu2 +++ Cu» . (10) 
[Voor Vuez +++ Vow | | Curr Cun2 +++ Cun» 
[Veu Vew -+ Vew|][Crn Cro + Crw 
Vero Vero -+ Vero} | Cra Cr2 --- Crop 
[Vero V2 +++ Vew | | Cro Crm2 ++ Crop 


Definition 2. Let the SVNCM M(ncj) (j, 1=1, 2, ..., b) be a bxb matrix, which can be expressed as M(ncj) 
= (M(Vril), M(Cri)), (M(Vuj), M(Cuj)), (M(VFi), M(Cr))), including the true, uncertain and false 
matrices M(Vrj), M(Vujl) and M(VF) and the true, uncertain and false credibility matrices M(C7j1), 
M(Cuj;) and M(Cr). Then ME of M(ncj) can be represented below: 


(e|m (Vix) |-E] M (Cy )]). 
E|M (cp )| = (eM (Vix )|-=[M (Cin )]); 
(£[M (Vix) ]-E[™ (Cru) }) 


“| [Spo-sdal Ser adal} | (Shoal Snel] 
p »? | Sl, “phir Den “Pu 


where yrj, “uj, and yur (j = 1, 2, ..., b) are the eigenvalues corresponding to the three matrices M(V7j), 


» 


j=l 


12 12 
fe Dts pea) ps 
b j=l b j=l 


} , (11) 


b b 
S), — Hur|> Pn — Pur 
j=l j=l 


b 


1 
May bay 


j=l 


1 b b 
Pu 5 LP ley, ~ Pau 
i=l j=l 


| b 
My Der 


j=l 


1 b 
Pry LP 


i=l 


M(Vujl), M(Vei); eri, puj and pr; (j = 1, 2, ..., b) are the eigenvalues corresponding to the three credibility 
matrices M(Cr1), M(Cuj), M(Cri); zaut, mu, and yur are the average values corresponding to the 
eigenvalues sirj, “uj, and prj (j = 1, 2, ..., b) and put, pmu and pur are the average values corresponding 
to the eigenvalues prj, puj and pr (j = 1, 2, ..., b). 

Especially when one does not consider the credibility values in the SVNCM M(nqji), E[M(ncj)] is 
reduced to the SVNM energy of Eq. (3). 

In terms of similar properties corresponding to SVNM [5], the SVNCM M(ncj) (j, | = 1, 2, ..., b) 


also contains the following equations: 
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(1) 2 (oN — pur) = 2 Vai — pur) =0; 


(2) Sa [imu ) = Wes - imu ) =0; 
(3) DHA - [mr ) = Yo — unr) =0; 
(4) 2 (be - — pur)? = > Va +2 > Via ny — buna ; 


j=l I< j<I<b 


b 
(5) Di (oe - jun)? => v3, +2 Vu Von — bueine ; 


ja j=l I< j<I<b 
b 
(6) 2 (HH - — mr)” =S'VA +2 by Vie ry — bie ; 
jal I< j<l<b 


S T 


(7) 2 (Pn - pour )= Cu — pur) =0; 


(8) 2 (Ay - — paw) = ice — paw) =0; 


= j=l 


(9) Yon — pur) =n —pur)=0; 


b b 
(10) )\(pr — pur)? =} Ciy +2 D0 Cry Cry — bpier ; 


j=l j=l I< j<l<b 


(11) >) (pu - paw)” =Dciy+? Y CuCuy — bei j 
ual 


I< j<l<b 
b 

(12) S) (pa — pur)? = ch +2.) Cry Cry —bpite « 
j=l j=l 1s j<l<b 


Furthermore, the lower and upper bounds of the true, uncertain, and false MEs are introduced 


below: 
2 
2Ib 
[Shin - ta) =o 2 en pur ||en - pur |+ b(b- 1) |M (Vii) - jun | < E[M (Vr)] 
1 
ay 
< (Sp bn -2 >) |en -ear||en - nel 
1s j<l<b 
2 
2b 
Se - bo —2 yy, leu - pme || - puns | +b(b- 1)|M (Vu) - fmu| < E[M (Vij )] 
1s j<l<b 
) { 


IA 


1s j<l<b 


2 
((Se0- bo —2 >) |e - wae ||eur - rm 
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2 
Yen -tow) 2D |r — Hemet — eae |+ BOD -D|M Vin) — eae | < ELM Ve) 


j=l 1s j<l<b 


CN 


(3) 


lA 


l< j<l<b 


2 
(Se bn -2 >) |un - parler - rw 


j=l 


2 
Yon - - pm ~2 [on — pur|len — pan|+bb—D|M(Cm)— pun” < ELM (Cod 


fo, way 


(4) 


lA 


2 
(Se om —2 oy lpn - pur||pn — nel 


ls j<l<b 


2 
Sp - - ow -—2 By lpu — pau ||pu— pau |+b(b- 1)|M (Cun) - pw) <ELM(Cu)] 


ls j<l<b 


(5) 


IA 


2 
(Se pw -2 > |py - pw lou - oe 


1s j<l<b 


2 
Spo - - owl 2D |pxj -purl|on - pue|+bO-D|M(Cr)- par < ELM Cr) 


1s j<l<b 


(6) 


lA 


2 
(S- ow -2 > |pa- purllon - owl 


I< j<I<b 


To compare two SVNCM energy magnitudes, we present the score function of the SVNCM 
energy E(M(ncii)) (j, 1=1, 2, ..., b; i= 1, 2): 


Z{E(M (neix))}=2E[M (Vin) }E[M (Crux) ]+ 2[M (Vein) JEL M (Com) |-E[M (Venn) JELM (Conn) | 02) 


In view of the score values of Eq. (12), the ranking rules between E(M(ncij)) and E(M(nczj)) are 
presented below: 
(a) If Z{E[M(ncij)]} > Z{E[M(ncgi)]}, then E[M(ncijt)] > ELM (ncai1)]; 
(b) If Z{E[M(ncij1)]} < Z{E[M(ncgi)]}, then E[M(ncij)] < E[M(ncai1)]; 
(c) If Z{E[M(ncij)]} = Z{E[M(ncai)]}, then E[M(ncijr)] = ELM (nce) ]. 
Example 1. Assume that there are two SVNCMs: 
< (0.6,0.7),(0.3, 0.7), (0.2,0.7) >< (0.5,0.6),(0.5, 0.8), (0.3,0.6) >< (0.7,0.6),(0.1, 0.5), (0.3, 0.9) > | 
M(n,,;) =| < (0.8,0.7),(0.2, 0.8), (0.1,0.8) >< (0.8,0.8),(0.2, 0.8), (0.4,0.6) > <(0.3,0.8),(0.2, 0.6), (0.1,0.6) > |’ 
< (0.7, 0.9),(0.1,0.9), (0.3,0.8) > <(0.7,0.5),(0.2, 0.6), (0.1,0.9) > <(0.8,0.5),(0.3, 0.6), (0.5, 0.8) >| 
< (0.5,0.6),(0.2, 0.8), (0.3,0.8) >< (0.6,0.7),(0.6, 0.8), (0.2,0.8) >< (0.6,0.6),(0.1, 0.7), (0.2, 0.8) > | 
M (N¢5 .) =| < (0.7,0.7),(0.2,0.7), (0.2,0.9) > <(0.7,0.7),(0.1,0.8), (0.3,0.7) >< (0.2,0.7),(0.4, 0.7), (0.3,0.7) > |” 
< (0.6,0.8),(0.1,0.7),(0.1,0.8) >< (0.6,0.6),(0.1,0.6),(0.1,0.7) >< (0.7,0.6),(0.2, 0.8), (0.4,0.5) > | 


Then, their SVNCM energy and ranking order are given by the following results: 
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Using Eq. (11), there are E[M(nc1j)] = <(2.4559, 2.7161), (0.8413, 2.8041), (0.8193, 3.1193)> and 


E[M(nc2)] = (2.1708, 2.7372), (0.9355, 2.8000), (0.6916, 3.1601)>. 
Using Eq. (12), since Z{E[M(ncij)]} = 13.1444 > Z{E[M(nc2)]} = 12.3177, there is E[M(ncijl)] > 
E[M(ncj1)]. 


4. MAGDM Model 


This section establishes a MAGDM model based on the SVNCM energy and score function in 
the setting of SVNCMs. 

Considering a MADM problem, there are a group of alternatives and a group of attributes, 
denoted respectively by Gs = {Gs1, Gsz, ..., Gsa} and Cs = {Csi, Cs2, ..., Csv}. A group of decision 
makers/experts, denoted as Es = {Es1, Es2, ..., Es}, is invited to assess the satisfiability levels of each 
alternative over the attributes and the weight vector of the decision makers/experts is specified as 0c 
= <(Orj, Or), (Ouj, Ocuj), (OF, Ockj)> (J = 1, 2, ..., 1). 

In this MADM problem, the SVNCM energy can be used to build a MADM model in the 
following steps: 

Step 1: The decision makers/experts specify the SVNCV weights of the attributes by Acjk = <(Arjk, Actik), 
(Aujk, Acujk), (Arik, Ackix)> G = 1, 2, ..., 1k =1, 2, ..., b) for Ark, Actik, Aujk, Acujk, Ark, Acre € [O, 1], and then 
they are constructed as the weight matrix of the attributes: 


Csi Cs2 +++ Cs» 
Es: |aAcu Aci ++ Acw 
M (Aci) = Es. | Aca ew +++ Aco |. (13) 


Es, | Acri Acr2 ++ Ace 
Step 2: Decision makers/experts evaluate their satisfiability levels of each alternative Gsi over 
attributes Csx by providing the SVNCVs ncijx = <(Varijx, Crijx), (Vuriix, Curr), (Weijk, Criin)> (7 = 1, 2, ...,a;7 = 1, 
2,...,1% k=1, 2, ..., b), and then the i-th SVNCM for Gsi can be built below: 


Ncit Nci2 ... Ncilb 
Nci21 Nci22  ... Nci2b 

M (now )=| a”, hee We (14) 
Ncirl MNcir2 ... NCirb 


Step 3: In view of the influence of the decision makers/experts’ weights 6c on the i-th SVNCM for Gsi, 
the weighted SVNCM can be obtained below: 


Jun Ye, Rui Yong and Wanlu Du, MAGDM Model Using Single-Valued Neutrosophic Credibility Matrix Energy and Its 
Decision-Making Application 


Neutrosophic Systems with Applications, Vol. 17, 2024 
An International Journal on Informatics, Decision Science, Intelligent Systems Applications 


M, (8, ® Neijx )= 


(Oi Vertis Oop yaad (Oi Vins Ori Cra ls 
(O,,+V, T Von — Oy Voi Feu f Coin ~ Cronin ls (Q,+V, T Vuii2 
(Oa ce, Fill — Oe Veni Ger ae Cri ~ Ori Cri) (0,,+V, TV ria — Op Ven» %cr1 a Cra Oa iC ais ) 


aM aioe 2, CcT2 Cash (OrsV ntsc not hs 


( 
(,.+V, Ui21 =), Vine epee Ui21 =O Crisis (O,.+V, Ui22 se 
( 


— Oy Vue» 9cu1 + Cyan — OC it) 
=) Mia» Fcus + Cui2n — Oey 
Cc 


at) Mea Gers * Crit SO Cae) (6,.+V, Fi22 acs Mean Gora * Craze Canes a 


O,5+V, Fi21 


G,+V, Uirl 30) Vise age Uirl Oey, Crile (6, aa Vuir2 =O Vine Cin + Cura - Ocur Cuira 


(9, +V, Fir2 —6;, Vato Cris — Ox, C93) 


(4, a Veins a0: AY seaae? Crirt eae Cra) 


(O,+V, TY Uilb Venn Po t Coin ~ CoCo )s 
(,,+V, TY Filb — Op Vriw er oh Crit ~ OC ats) 


(O,Ven ’ Gen, Chin ie (es Tir2? cn, Chr ys , 


OV ’ Gere nop ) ’ 
2 Voie = 6, Vuio ’ ene 2 Coir = Oey Cuns ) ’ 


2 Vein > 0, V ria ’ Const Cry 2b =OppC ry 2b ) 


(15) 


4, +V, TY Uirb =) Var 8en F Cuno Oe Cu), 


(6,,+V, Firb =), Vnitr. Firb me Ca) 


Step 4: In view of the influence of the attribute weights Ack on the i-th SVNCM for Gsi, the weighted 


SVNCM can be obtained below: 
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M. (Ace @ Non) = 

| (An Vents Aen Camn)> (Avi niie Aone Cra )s 

Fig Van Ayn Won Acun + Cun - Nena: (An + Voi — Avene Aco + Cone ~ Agios): 

(Ant Vent Neri Ace + Cri - Aen Cais) (Arist Vig = Ae rir Acti, + Cri — eer, 

(Apa nsio Mera rial): (A, Vans ers nay) 

(Ayo + Voin1 — Aya Voie Acuat + Coin — Acun Crea), (Ayo + Vg toe cae * Cis > can ies) > 
(A 


(Asi + Vain ~ AeaM av cea its Crit — ern Cx) F 22 +Viin ~ArneVnnar dcr + Chin ~ ern Gas 


(AaVeei ? AeraCrin ), (Aa Mis ? Aer tins ) ? 
(Ags + Vie Aun, Uirl? Acun t Coir —AeunG Uirl \s = + Voir2 a eV ’ Jews + Cuirs — AcuC vir ) ’ 
(Arn + Vein ~ AinN Firl? ere + Cri ~ Neral. Firl ) (Ags a Ver a Ae rind ’ err Be Cri = NeraC rin ) 


(Ani AcrCnw )> 
(ow + Vein — Av nYuiw» Acuw + Coin ~Acu Cui): 
(Arts + View — Aree Aceu + Cray — Acew Cras ) 
(AraVnizn- AcravCnav )» 
(Aro5: + Venox Ap apVennes Aceon > Coney = Aer28 Cue )s 
(Aran +Vei2n — Aran rion» Ace2n + Cron — AceasC rie ) 
_ (16) 
(Ani AcrCnw )» 
(Aun + Vein — Aun» Acorn + Coin — AcumCvin)» 
(Ans + Vins —AnaV nes Acne Cad > Acen Cre } 
Step 5: Based on the above weighted SVNCMs, we obtain the collective SVNCMs M(ncix) = 
<(M(Vrijt), M( Crit), (M(Vuijt), M(Cuijt), (M(Veit), M(Crijt)> (7, 1 = 1, 2, ..., 17 1=1, 2, ..., a) by calculating 
the true, false and uncertain squire matrices and the true, false and uncertain credibility squire 


matrices: 


M (Ver ) =M. AV )x |M ace Voit J 
Ae Vri Arr oo Arr On Vein Op oVria1 im Op Vein 
Aro Vain Arr ie Arar | 6, riz 6, WV rizs eee 0. mV ria 7) 


her V rir her rirr *] hraV tins Op Vey Op Veinp —~ On Vrins 
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T 

M [ve =M C (Aue +Viniig " AaieV vie )x | mM E (6, + Ving = Gy Voie )| 
Ait + Voir — Ag Vou Agia + Voi — Ay Voir aes Aus + Voi —AywV vin | 
= Ayr + Voi — Ago Vuin Aun + Voir — Ay Voir ts Aur» + Voir, — yw Vir , (18) 


Ror + Voir = Au Vir Aino + Voir = Aor vir aes Airs + Vorb oF AainsV vir J 
Oy; a Voit = Oy Voir Oy + Vaio) 7 Gy oV oie ves Gis, + Voir ie Oi Vein 
. Gi + Vii a Oy Vung Gy» +Voi99 Gy Vuion wes Cae +Vii9 = Os Vines 


G,, +Voip =a O Vets Oy. +Vinop = CVn oe Gy), + Voir a Oi Vein J 


T 
M (Ve) =Mec (Ane + Vein — AneVin | Me (Oxy + Vee — 8M rn 
Apis + Vein AriVrin Ari + Vaio — Ago rin “SF Ary +Viay ~ Wr rity 
her + Vain — Apo Vain Arn + Vaio — Aer ri20 a her + Vaio» — Wr riap i 


(19) 


Ai + Vain = he rie Airy + Vieira = AeoV rin? bon ev Se Veins i eV rirb 


Fri 
O. oi Vea = OV Or oi Virion = Pr oV ria o* O;, a Vein = O2V rir 
. Or, + Vio — OV rns Or. = Viiao = DV ri ve O;, te Vir = DeVries 
Or ae Vieap = OV ri Or oH Via = 0,.N Fi2b 7" O;, + Vieirb = Or V rin 


T 
M (Cri) =M-. (A, Cop) Ms (OC )] 
Ars iCrat Ary Cra oe Ari Crs Op Con) Dp. C rin ie O,, Tirl 
- Ae nCrin he mC rin ie Ar reCrirp .. Op, C rn. Oro Criyy coy Op, Crip is 0} 


Ao Crin Aera rinr ae Levy rine On. Crip Op Coir ae 1, Criss 


E 
M (Coin) =M. (Au + Curie — Aue Coin )x | M E (4,; + Curie — uj Coine )| 
Any Hy Cun ~ Ae evi Ayo og Cone am Ayi2Cuar te: Aarts zy Cuis ~ Age Cuns 
Aug + Cun ~ Agri Ago F Cuin ~ Aare vio a Aur t Coir ~ Aur» vir (21) 


U21 ; 


Aen af Coin ~ Aas Cun Aate th Coir = Aaa vrs “a; Aer zi Coir a Aaa Cvirs 
GO, + Coat * Gy Con Oy. + Cui oe Oy Coin as Gy), + Coin at Oy, Cui 
. Oy; + Cone = Oy Coie Ges ay Curia = Oy. Cuin mcs Cie + Coins a Gi, Coies 


Gy; oF Cui = Gy Cuis By a Coir ~ Gy Cia ae Gy, a Cuirs ~ Gy, Cores 
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M (Ca ) = M. (Ang a Crit a AraC rijn ) ES [M, (6, 2 Crip = OC rip yi 


Art f Crit = AeviC ret Avi a Cray oP Ae rina ne Arp ae Crip = AriwC rip 
f 22 
= Agni te Crit = Agu€ reo Ago a Crin = AgnC rin a Aro o Crirp = AvowC Finn (22) 
Ree + on 4 AraC rir Rev a5 Cairn ~ Aur€ rier ae Airy + Cri a ivy Cri 
Or de Crit = OC ra A> + Crit = DrxC rin o O,, a3 Coin = Or, C rip 
. Or, + Cray ~ IC rir On, a Cain ae Dro gin as O;, Cairn Zi Or, Crip 
Or + Crip = Oi Cris Or He Crirp = OroC rian ed Or, af Cri ~ Or, C rrp 


Step 6: The respective SVNCV matrix energy values for each alternative can be obtained by Eq. (11). 
Step 7: The SVNCM energy score values of for each alternative Gsi (i= 1, 2, ..., a) are calculated by Eq. 
(12). 

Step 8: According to the score values, all alternatives are ranked in descending order and the 
alternative with the largest value is the best. 


5. MAGDM Application in Primary School Site Selection 


5.1 Actual Example of Primary School Site Selection 


In recent years, Shaoxing's level of economic development has risen in China, and as the city's 
framework has been further expanded, the city's population has dispersed to multiple centers. It is 
necessary to build a new primary school in a suitable position of Shaoxing City in China. In this 
section, the feasibility and validity of the MAGDM model in a SVNCM environment are verified 
through an actual example of primary school site selection in Shaoxing. 

By analyzing the city framework and population distribution in Shaoxing, the decision 
department provides four potential locations as a set of alternatives Gs = {Gs1, Gs2, Gs3, Gsa}. In the 
assessment issue of the alternatives, the four main requirements/attributes of the school site can be 
considered by construction cost (Cs1), regional population (Cs2), transport facilities (Cs3) and regional 
environment (Cs). For this siting decision problem, a group of three experts Es = {Es1, Es2, Ess} is 
invited to evaluate the best alternative among them, and then the three experts' SVNCV weights are 
specified as @c1 = ((0.8, 0.7), (0.1, 0.8), (0.2, 0.7)), &2=<((0.7, 0.6), (0.2, 0.7), (0.3, 0.7)), and 6:3 = ((0.6, 0.8), 
(0.2, 0.6), (0.1, 0.9)). 

The MAGDM model based on the SVNCM energy proposed in the above section can be applied 
to the site selection problem of this school in the following steps: 

Step 1: The three experts specify the SVNCV weights of the attributes by Aci = ((Arjx, Actix), (Aujk, Acuyk), 
(Arik, Ackir)) (7 = 1, 2, 3; k=1, 2,3, 4) for Arik, Actix, Auyjk, Acujk, Arjk, Ackix € [0, 1], and then they are constructed 


as the weight matrix of the attributes: 
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((0.8,0.8),(0.1,0.7),(0.3,0.8)) ((0.6,0.9),(0.2,0.8),(0.1,0.7)) 

(Ac) =| ((0.7,0.7),(0.2,0.6),(0.1,0.7)) ((0.6,0.8),(0.2,0.7),(0.2,0.6)) 
((0.8,0.7),(0.3,0.7),(0.2,0.6)) ((0.7,0.9),(0.2,0.7),(0.2,0.7)) 
((0.8,0.6),(0.4,0.9),(0.3,0.8)) ((0.7,0.7),(0.1,0.7),(0.2,0.6)) 
((0.6,0.7),(0.1,0.8),(0.1,0.9)) ((0.9, 0.6) ,(0.1,0.8),(0.2,0.9)) 
((0.9,0.9),(0.2,0.6),(0.3,0.8)) ((0.8,0.8), (0.2, 0.7) ,(0.1,0.8)) 

Step 2: Decision makers/experts evaluate their satisfiability levels of each alternative Gsi over 


attributes Csx by providing the SVNCVs neijk = <(Vrijk, Crijx), (Wuijk, Cuijk), (Veijx, Crix)> (i, k = 1, 2, 3, 4; 7 = 
1, 2,3), and then SVNCMs for Gsi for 7 = 1, 2, 3, 4 can be built below: 


((0.7,0.8),(0.2,0.7),(0.1,0.8)) ((0.6,0.7),(0.1,0.8), (0.3, 0.7)) 
M (11) =| ((0.6,0.7),(0.1,0.8),(0.2,0.6)) ((0.7,0.9).(0.2,0.7),(0.3,0.8)) 
((0.8,0.8),(0.4,0.7),(0.2,0.7)) ((0.8,0.7),(0.3, 0.7), (0.2,0.8)) 
((0.8,0.8),(0.1,0.8),(0.3,0.8)) ((0.9,0.8), (0.3,0.7),(0.2,0.6)) 
((0.7,0.8),(0.2,0.7),(0.3,0.7)) ((0.8,0.7),(0.1,0.7),(0.2,0.6)) |; 
((0.8,0.7),(0.3,0.7),(0.2,0.8)) ((0.6,0.8),(0.2,0.8), (0.1,0.9)) 
((0.7,0.7),(0.2,0.7),(0.3,0.6)) ((0.7,0.8),(0.2,0.7),(0.3,0.7)) 
M (ner) =| ((0.8,0.6).(0.3,0.6),(0.2,0.7)) ((0.9,0.7) (0.30.7), (0.2,0.8)) 
((0.7,0.8),(0.2,0.7),(0.3,0.8)) ((0.8,0.7),(0.1,0.8),(0.2,0.9)) 
((0.8,0.9),(0.2,0.8),(0.3,0.7)) ((0.6,0.7),(0.1,0.7),(0.3,0.6)) 
((0.9,0.7),(0.4,0.6),(0.3,0.7)) ((0.8,0.7),(0.1,0.8),(0.1,0.9)) |, 
((0.8,0.6),(0.1,0.7),(0.2,0.8)) ((0.7,0.8), (0.2, 0.8),(0.3,0.7)) 
((0.7,0.8),(0.2,0.6),(0.1,0.7)) ((0.9,0.8),(0.2,0.7), (0.3,0.6)) 
M (nes) =| ((0.6,0.9),(0.2,0.7),(0.3,0.8)) ((0.8,0.8),(0.2,0.7),(0.1,0.9)) 
((0.8,0.7),(0.1,0.8),(0.2,0.7)) ((0.7,0.9), (0.1,0.8), (0.3,0.8)) 
((0.7,0.8),(0.2,0.7),(0.3,0.7)) ((0.6,0.8), (0.2,0.8),(0.3,0.8)) 
((0.9,0.8),(0.2,0.6),(0.1,0.8)) ((0.8,0.9),(0.1,0.9),(0.3,0.7)) |; 
((0.8,0.7),(0.1,0.7),(0.2,0.7)) ((0.7,0.8), (0.3,0.7), (0.1,0.8)) 
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((0.9,0.7),(0.2,0.7),(0.1,0.8)) ((0.8,0.8),(0.2,0.8),(0.2,0.7)) 
M (14) =| ((0.7,0.8).(0.3,0.7),(0.2,0.9)) ((0.8,0.8), (0.3,0.7),(0.1,0.8)) 
((0.8,0.9),(0.1,0.8),(0.1,0.8)) ((0.9,0.7),(0.1,0.8),(0.3,0.7)) 
((0.7,0.8),(0.1,0.7),(0.3,0.7)) ((0.6,0.8),(0.2,0.8),(0.3,0.6)) | 
((0.9,0.7),(0.2,0.8),(0.1,0.8)) ((0.8,0.7), (0.4, 0.8), (0.2, 0.7)) 
((0.7,0.8),(0.2,0.9),(0.2,0.9)) ((0.7,0.8),(0.3,0.7),(0.1,0.9)) | 


Step 3: In view of the influence of the decision makers/experts’ weights 6 on the four SVNCMs for 
Gsi for i= 1, 2, 3, 4, the weighted SVNCMs using Eq. (15) can be obtained below: 


((0.56, 0.56), (0.28, 0.94) ,(0.28,0.94)) ((0.48,0.49) (0.19, 0.96), (0.44,0.91)) 
M , (; ®Nc1) =| ((0.42,0.42), (0.28, 0.94),(0.44,0.88)) ((0.49,0.54), (0.36, 0.91), (0.51,0.94)) 
((0.48,0.64), (0.52, 0.88),(0.28,0.97)) (0.48, 0.56) ,(0.44, 0.88), (0.28, 0.98)) 
((0.64,0.56),(0.19,0.96),(0.44,0.94)) ((0.72,0.56), (0.37, 0.94) ,(0.36,0.88)) 

((0.49, 0.48) ,(0.36,0.91),(0.51,0.91)) ((0.56, 0.42), (0.28, 0.91), (0.44, 0.88)) |, 
((0.48, 0.56), (0.44, 0.88),(0.28,0.98)) ((0.36,0.64) (0.36, 0.92), (0.19, 0.99)) 
((0.56,0.49) ,(0.28, 0.94), (0.44,0.88)) _((0.56,0.56), (0.28, 0.94), (0.44,0.91)) 
¢ (9c ®Ner,,) =| ((0.56,0.36), (0.44, 0.88),(0.44,0.91)) ((0.63,0.42),(0.44,0.91),(0.44,0.94)) 
((0.42,0.64),(0.36,0.88),(0.37,0.98)) ((0.48,0.56), (0.28, 0.92), (0.28, 0.99)) 


ee ).(0.44,0.91)) ((0.48,0.49), (0.19,0.94), (0.44, 0.88)) 
(0.63,0.42),(0.52,0.88),(0.51,0.91)) ((0.56,0.42), (0.28, 0.94) (0.37, 0.97)) 
((0.48, 0.48), (0.28,0.88),(0.28,0.98)) ((0.42, 0.64), (0.36,0.92),(0.37,0.97)) 
((0.56, 0.56), (0.28, 0.92),(0.28,0.91)) ((0.72,0.56), (0.28, 0.94), ate 
(9c; ®Me5,) =| ((0.42,0.54), (0.36, 0.91),(0.51,0.94)) ((0.56,0.48) ,(0.36,0.91),(0.37,0.97)) 
((0.48,0.56),(0.28,0.92),(0.28,0.97)) ((0.42,0.72) (0.28, 0.92), (0.37,0.98)) 
).(0.28,0.94),(0.44,0.91)) ((0.48, 0.56), (0.28, 0.96) ,(0.44,0.94)) 
0.36,0.88),(0.37,0.94)) ((0.56,0.54), (0.28, 0.97), (0.51,0.91)) 
).(0.28,0.88),(0.28,0.97)) (0.42, 0.64), (0.44, 0.88),(0.19,0.98)) 
(0.28,0.94),(0.28,0.94)) ((0.64,0.56), (0.28, 0.96) ,(0.36,0.91)) 
(0.44,0.91),(0.44,0.97)) ((0.56,0.48), (0.44, 0.91) ,(0.37,0.94)) 
(0.28,0.92),(0.19,0.98)) ((0.54,0.56), (0.28, 0.92), (0.37,0.97)) 
ae 0.19,0.94),(0.44,0.91)) ((0.48, 0.56), (0.28, 0.96) (0.44, 0.88)) 
((0.63, 0.42), (0.36,0.94),(0.37,0.94)) ((0.56,0.42),(0.52,0.94),(0.44,0.91)) |. 
((0.42,0.64) (0.36, 0.96),(0.28,0.99)) ((0.42, 0.64), (0.44, 0.88) ,(0.19,0.99)) 


Step 4: In terms of the influence of the attribute weights Ac on the four SVNCMs for Gsi for i = 1, 2, 
3, 4, the weighted SVNCMs using Eq. (16) can be obtained below: 


( 


eee 


((0.56,0.56), 
0.63,0.48), 
((0.48,0.56), 


—~ 


i 
(( 


((0.72,0.49), 
(9%; @ rican) =| ((0.49,0.48), 
((0.48,0.72), 


poy 
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((0.56,0.64) (0.28, 0.91),(0.37,0.96)) ((0.36,0.63), (0.28, 0.96) ,(0.37,0.91)) 

Mo (Acy ® Neix) =| ((0.42,0.49),(0.28, 0.92), (0.28,0.88)) ((0.42,0.72), (0.36,0.91), (0.44, 0.92)) 
((0.64,0.56),(0.58,0.91),(0.36,0.88)) ((0.56,0.63), (0.44, 0.91), (0.36,0.94)) 
(0.64,0.48),(0.46,0.98),(0.51,0.96)) ((0.63,0.56), (0.37, 0.91), (0.36,0.84)) 
(0.42,0.56),(0.28,0.94),(0.37,0.97)) ((0.72,0.42), (0.19, 0.94), ( 
(0.72,0.63),(0.44,0.88),(0.44,0.96)) ((0.48,0.64), (0.36, 0.94) (0.19, 0.98)) 


0.36,0.96)) 


( 

( 

(( 

((0.56,0.56),(0.28,0.91),(0.51,0.92)) ((0.42,0.72), (0.36, 0.94), (0.37, 0.91)) 
M (Ac, @Nc24) =| ((0.56,0.42),(0.44,0.84),(0.28,0.91)) ((0.54,0.56),(0.44,0.91), (0.36, 0.92)) 

((0.56,0.56),(0.44,0.91),(0.44,0.92)) ((0.56,0.63), (0.28, 0.94), (0.36,0.97)) 


(( ( ).( 
((0.54,0.49),(0.46,0.92),(0.37,0.97)) ((0.72,0.42) ,(0.19,0.96) (0.28, 0.99 
((0.72,0.54),(0.28,0.88),(0.44,0.96)) ((0.56,0.64) (0.36, 0.94), (0.37, 0.94 

).( 


((0.56, 0.64), (0.28,0.88),(0.37,0.94)) ((0.54,0.72), (0.36, 0.94), (0.37,0.88 

M (Agu @Ne3¢) =| ((0.42,0.63),(0.36,0.88),(0.37,0.94)) ((0.48, 0.64), (0.36,0.91) (0.28, 0.96) 

((0.64,0.49),(0.37,0.94),(0.36,0.88)) ((0.49,0.81), (0.28, 0.94), ( 

((0.56,0.48),(0.52,0.97),(0.51,0.94)) ((0.42,0.56), 

((0.54, 0.56), (0.28,0.92),(0.19,0.98)) ((0.72,0.54) 

((0.72,0.63),(0.28,0.88),(0.44,0.94)) (0.56, 0.64) 

((0.72,0.56),(0.28,0.91),(0.37,0.96)) ((0.48,0.72 

M.(Acy ® Nea) =| ((0.49,0.56) ,(0.44,0.88),(0.28,0.97)) (0.48, 0.64 

((0.64,0.63),(0.37,0.94),(0.28,0.92)) ((0.63, 0.63 
((0.56,0.48),(0.46,0.97),(0.51,0.94)) ((0.42,0.56),(0.28, 0.94) (0.44, 0.84)) 
((0.54,0.49),(0.28,0.96),(0.19,0.98)) ((0.72,0.42), (0.46, 0.96) ,(0.36,0.97)) |. 
((0.63,0.72),(0.36,0.96),(0.44,0.98)) ((0.56, 0.64), (0.44, 0.91) ,(0.19,0.98)) 

Step 5: Using Eqs. (17)—(22), we obtain the collective SVNCMs M(ncijx) = <(M(Vrij1), M(Crit), (M(Vuiil), 


M(Cui), (M(V«iit), M(Crit)> 9, 1 = 1, 2, 3; 1 = 1, 2, 3, 4), where M(Vrij1), M(Cri), (M(Vuijt), M(Cuit), and 
(M( Veit), M(Crit) are given as follows: 


((0.64,0.54) ,(0.52,0.98),(0.51,0.94)) ((0.42,0.49) (0.19, 0.91),(0.44,0.84)) 
) 
) 
) 
) 


(0.44,0.94) 
0.28,0.94) ,(0.44,0.92)) } 


— 


0.19,0.98) (0.44, 0. 97)) 
0.44,0.91),(0.19, 0.96 


S $e ES PS 


,(0.36,0.96),(0.28,0.91)) 
(0.44,0.91),(0.28,0.92)) 
(0.28,0.94), (0.44,0.91)) 


1.3496 1.0780 0.9756 1.1600 1.2166 0.9204 
M(V,,,)=| 1.2240 1.9912 0.8640], M(V,,,)=|1.3072 1.3972 1.0560], 
1.4336 1.1648 1.0944 1.3568 1.4336 1.0848 
1.2176 1.1256 0.9408 1.3408 1.2096 1.0164 
M (V5) =| 1.2288 1.1886 0.9648 |, M(V;,4,,)=| 1.3080 1.2523 1.0236], 
1.3832 1.3104 1.0938 1.4856 1.3769 1.1472 
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0.3559 
0.2703 
0.4628 


M (Vig) = 


0.4032 
03332 
0.3836 


M (Verse) = 


0.4484 
0.3620 
0.5800 


0.4960 
0.4132 
0.4580 


0.6044 
0.4956 
0.8184 


0.4480 
0.3636 
0.4540 


0.6204 0.7700 0.4184 
M (Vi. ,) =| 0.5644 0.6947 0.3736], 
0.5212 0.6500 0.3609 


0.6844 
M (V,5) =| 0.5040 
0.5716 


1.2495 
)= 1.1760 
1.3335 


M on 


1.3440 


M (Cy3,) =| 1.3272 
1.4392 


3.5732 
) =| 3.5244 
3.4574 


3.5074 


M (Cy 3) =| 3.4706 
3.4492 


3.3721 
M (Cy) =| 3.4210 
3.4474 
3.3500 


3.5038 
3.3858 


M (or ) = 


0.7387 
0.5870 
0.6061 


1.0746 
1.0398 
1.1466 


1.2240 
1.2078 
1.3014 


3.4489 
3.4037 
3.3397 


3.4216 
3.3891 
3.3679 


3.3130 
3.3667 
3.3940 


3.4580 
3.6187 
3.4962 


0.4669 
0.3440 
0.4229 


1.3896 
1.2992 
1.4736 


1.5040 
1.4728 |, 
1.6200 


3.3452 
3.3024 |, 
3.2408 


3.3552 
3.3188 |, 
3.3048 


3.5954 
3.6562 |, 
3.6858 


3.5876 
3.193815 
3.6274 


0.3609 
) =| 0.4113 
0.3484 


, MV, 


U2 jl 


0.3450 
» M(Viq,) =| 0.4284 
0.3736 


0.8052 
M (Vee> .) =| 0.5676 
0.7084 


0.6224 
0.4212 
0.5140 


/M (Vag) = 


12579 
1.0339 
1.2810 


, M (Cz ;) = 


1.2600 
) =| 1.1424 
1.4231 


39352 
=| 3.4306 
3.4674 


3.5912 
=| 3.5248 
3.5620 
et 


=| 3.3919 
3.3931 


3.325) 
3.4944 
3.4471 


M (Cog ) = 


0.9582 


0.6052 
0.6796 
0.5632 


0.4156 
0.4788 |, 
0.4448 


0.5928 
0.7272 
0.6444 


0.4680 
0.5496 |, 
0.5052 


0.8101 0.5979 
0.5739 0.4116], 
0.7133 0.5237 


0.6487 
0.4555 
0.5324 


0.4003 
0.2784 |, 
0.3753 


0.9366 
0.7686 
0.9618 


1.3344 
1.0864 |, 
1.3800 


1.0512 1.4720 
1.3440 |, 


1.1760 1.6768 


3.3740 
3.2193 
3.3142 


3.3652 
3.2692 |, 
3.3048 


3.4971 
3.4337 
3.4686 


3.4788 
3.4132], 
3.4520 


3.3628 
S539 
3.5344 


3.5385 
3.7135 |, 
3.7145 


3.4346 
3.6096 
3.5608 


3.5857 
3:7 135:1- 
3.7247 


Step 6: Using Eq. (11), the respective SVNCM energy values for all alternatives can be obtained 
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below: 

E[M(ncij)] = <(4.4771, 4.9817), (2.0120, 13.6191), (2.2225, 13.8893)>; 

E[M(nczt)] = <(4.8330, 4.5180), (1.9188, 13.4854), (2.5293, 13.9709)>; 

E[M(nc3i)] = <(4.5915, 5.5376), (1.6398, 13.5913), (2.1478, 14.1255)>; 

E[M(ncaj)] = <(4.9048, 5.1673), (2.0910, 13.9646), (1.8518, 14.2063)>. 
Step 7: Using Eq. (12), the SVNCM energy score values for each alternative Gsi (i = 1, 2, 3, 4) is 
calculated and given as follows: 

Z{E[M(ncerjx)]} = 41.1393, Z{E[M(ncpjx)]} = 34.2103, Z{E[M(nc3x)]} = 42.8003, and Z{E[M(ncajx)]} = 
53.5819. 
Step 8: According to the score values, the ranking order of the four alternatives is Gsa > Gs3 > Gs1 > Gs2 


and the best one is Gss. 


5.2 Comparative Investigation of the Decision Results Between SVNM and SVNCM Scenarios 


Since the existing MAGDM model [5] introduced in the SVNM scenario cannot perform the 
school site selection problem in the SVNCM scenario, we must ignore all the credibility values in 
SVNCMs as a special case of the site selection problem. Thus, we can apply the existing MAGDM 
model based on SVNM energy in the above site section problem to compare the proposed model with 
the existing model in the SVNM and SVNCM scenarios. 

Based on the MAGDM algorithm in [5], we can obtain the respective SVNM energy values for 
all alternatives Gsi (i = 1, 2, 3, 4): 

E[M(nijx)] = <4.4771, 2.0120, 2.2225>, E[M(nzjx)] = <4.8330, 1.9188, 2.5293>, E[M(nsjx)] = <4.5915, 
1.6398, 2.1478>, and E[M(n4jx)] = <4.9048, 2.0910, 1.8518>. 

Using Eq. (8) [5], the SVNM energy score values for all alternative Gsi (i= 1, 2, 3, 4) are calculated 
and given as follows: 

AXE[M (nix) ]} = 8.7436, H{E[M(nzjx)]} = 9.0555, H{E[M (nix) ]} = 8.6750, and H{E[M(najx)]} = 9.4150. 

According to the score values, the ranking order of the four alternatives is Gsa > Gs2 > Gsi > Gss 
and the best one is Gsa. 

For the comparative convenience of the decision results in the SVNM and SVNCM scenarios, all 
results are shown in Table 1. 

Table 1. Decision results between SVNM and SVNCM scenarios 


MAGDM model Ranking Best one Information environment 
Proposed model Gsa > Gs3 > Gs1 > Gs2 Gs SVNCMs 
Existing model [5] Gsa > Gs2 > Gsi1 > Gs Gsa SVNMs 


In terms of the decision results in Table 1, the ranking orders of the four alternatives between the 
SVNM and SVNCM scenarios are different, then the best one Gs4 is the same in the school site 
selection problem. It is clear that the credibility measures with respect to true, false, and uncertain 
evaluation values reveal their importance in the neutrosophic MAGDM problem because they can 
affect the ranking order and decision credibility of the four alternatives. Furthermore, the proposed 
model is the generalization of the existing model [5] and more general and creditable than the existing 


model in neutrosophic MAGDM problems under uncertain and inconsistent environments. 
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6. Conclusions 


Regarding an extension of SVNM energy, this study presented SVNCM energy and its 
properties. Then, a MAGDM model using the SVNCM energy was established in the SVNCM 
scenario, which can solve MAGDM problems and fill a research gap of MAGDM in the SVNCM 
scenario. Finally, the proposed MAGDM model was applied to the school site selection problem, then 
the comparative investigation of the decision results in the SVNM and SVNCM scenarios indicated 
that the proposed model was more general and creditable than the existing model in neutrosophic 
MAGDM problems under uncertain and inconsistent environments. Furthermore, the credibility 
measures with respect to true, false and uncertain evaluation values revealed their importance and 
necessity in the neutrosophic MAGDM problem and affected the ranking of the alternatives, then the 
decision credibility of the proposed model in the SVNCM scenario is significantly better than the 
existing model in the SVNM scenario. 

However, the proposed SVNCM energy and MAGDM model can be further applied in image 
processing, clustering analysis, project risk evaluation, slope stability analysis/assessment, and so on 
in engineering fields, which are future research directions. 
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